Abstract. The expression of the estrogen receptor ß (ERß) has been shown to play an important role in breast cancer. There is emerging hope that ERß and its isoforms will be used as prognostic markers or as therapeutic targets in the clinical management of breast cancer. Many studies indicate that ERß is down regulated during carcinogenesis. However, it is still unknown which signals can regulate ERß expression. Basement membrane (BM) components have been shown to influence the expression levels of ER· and progesterone receptor. Therefore, we hypothesized that cell-matrix interactions can also affect the expression of ERß and its isoforms. To test this we performed Matrigel assays using an ER· negative breast cancer cell line. MDA-MB-231 cells were plated on Matrigel, a reconstituted laminin-rich BM matrix, or on uncoated plastic culture plates. To investigate the effects of specific BM components we also cultured the cells on gels of purified collagen type IV and laminin-111. ERß expression levels were investigated after 24, 48 and 72 h by RT-PCRs which allow to distinguish between different ERß isoforms. MDA-MB-231 cells cultured on tissue culture plastic showed increased levels of ERß1 mRNA after 48 h. However, in cells cultured on Matrigel signals for ERß1 expression stayed at very low, nearly undetectable levels. Laminin-111 was identified to be the protein that represses ERß1 expression at the mRNA stage. Collagen type IV showed no effect on ERß expression. We further observed that MDA-MB-231 cells on Matrigel organize into cell aggregates which are connected in web-like structures that appear similar to lactiferous ducts. These data suggest that interactions of breast cancer cells with the BM protein laminin-111 suppress the expression of ERß1 at the mRNA level. A laminin-111-rich microenvironment seems to keep ERß1 at very low levels in breast cancer cells.
Introduction
Estrogen receptor ß in breast cancer. Decision making in the clinical management of breast cancer is to a great extent guided by estrogen receptor (ER) expression. The definition of ER status still relies only on the expression of ER· (1) . But since the discovery of a second ER, ERß (2) and its variant isoforms the definition of ER status and its clinical value has become more complex. Many studies indicate a crucial role of ERß and its isoforms for the prognosis and the therapeutic management of breast cancer (1, (3) (4) (5) (6) . Various ERß isoforms have been identified. Most of them are splice variants or exon deletion isoforms (7) . The currently best characterized isoforms are ERß1 (wild type), ERß2 (identical to ERßcx), ERß3, ERß4, ERß5 and ERßΔ5 (lacking exon 5) (3) (4) (5) . Several studies confirmed their existence as full length transcripts (1) . ERß has been shown to be expressed in normal mammary gland tissue as well as in malignant tumours (1) . Many studies have been focused on the role of ERß in breast cancer. However, the results and conclusions are still conflicting. There is emerging evidence that the different ERß isoforms may have different biological functions or clinical values (3) (4) (5) (8) (9) (10) (11) . The challenge remains of developing a standardized scoring system for immunohistochemical detection of ERß and its isoforms (1, 12, 13) . A series of studies indicate a role of ERß1 as a tumour suppressor. During carcinogenesis expression of ERß1 is decreased in relation to ER· (13) (14) (15) (16) , a fact that supports the hypothesis that ERß might have a protective role against breast cancer development. The signals that regulate the expression of ERß and its isoforms still remain to be investigated.
Extracellular matrix and hormone receptor expression. The behaviour of mammary epithelial cells as well as breast cancer cells is largely influenced by signals from the extracellular matrix (ECM). Tissue homeostasis, organ morphogenesis, gene expression and cell differentiation, but also cancer development is to a great extent dependent upon dynamic interactions between cells and their microenvironment (17) (18) (19) (20) (21) . ECM molecules and their receptors, of which integrins are the best characterized, have been shown to play an important role in the transduction of cellular signals. The composition of the interstitial stroma and the basement membrane (BM) changes adapting to developmental stages of the mammary gland and also during carcinogenesis (17, 19, 22, 23) . The BM is a continuous deposit that separates epithelial cells from the surrounding stroma. Its major components are laminins, collagen type IV, entactin/nidogen, proteoglycans and other glycoproteins (24, 25) . In BMs of the mammary gland laminin-111 is the predominant laminin isoform (26) . BM proteins like collagen type IV and laminin-1 have been shown to regulate ER· and also progesterone receptor (PgR) expression and activity in mammary epithelial and breast cancer cells (23, (27) (28) (29) .
Since there is emerging hope that ERß and its isoforms can be used as prognostic markers or as therapeutic targets for breast cancer in the future it is important to identify signals that regulate ERß expression. Based on the findings on other steroid hormone receptors we hypothesized that signals from the BM can affect ERß expression in breast cancer cells. In the present study we performed assays in a reconstituted laminin-rich BM matrix (Matrigel) using an invasive ER· negative breast cancer cell line (MDA-MB-231). In order to investigate the effects of specific BM components we also cultured the cells on coatings of purified laminin-111 and collagen type IV. As a control the same number of MDA-MB-231 cells was cultured on uncoated tissue culture plastic. The expression pattern of ERß isoforms was detected by multiplex RT-PCRs.
Materials and methods
Cell culture. The human breast cancer epithelial cell line MDA-MB-231 was obtained from the American Type Culture Collection (Manassas, USA). The cells were cultured in L-15 Leibowitz-medium (Biochrom, Germany) supplemented with 10% FCS (Biochrom), L-Glutamin 2 mM (Sigma-Aldrich, Germany) and 1% penicillin/streptomycin (Biochrom) and kept in 0% CO 2 at 37˚C.
Matrigel assays. In order to investigate the effects of BM components, the cells were cultured on a layer of 'Matrigel™ basement membrane matrix' (Becton Dickinson, Germany). To test if there is any effect from growth factors we also carried out Matrigel assays using 'Growth factor reduced matrigel basement membrane matrix' (Becton Dickinson). Twenty-four well-plates were coated with Matrigel (100 μl/cm 2 ) according to the manufacturer's recommendations ('thin gel method', Becton Dickinson). The Matrigel layer was solidified at 37˚C for 30 min. We then seeded 100,000 MDA-MB-231 cells, suspended in 500 μl medium, into each well. The Matrigel assay system, established in this way, provides a sufficient stimulation of the cells through BM components and enables to retrieve sufficient amounts of RNA. As a control the same number of cells was cultured on uncoated tissue culture plastic under identical conditions. After 24, 48 or 72 h Matrigel was solubilized enzymatically in dispase (254 μl/24-well) for 2 h. Cells from six 24-wells, containing cells cultured on Matrigel, were pooled into one Eppendorf tube, centrifuged and pelleted for RNA isolation. Cells cultivated on tissue culture plastic were removed from the wells using trypsin-EDTA (0.05%) (Invitrogen, Germany) and prepared for RNA isolation in the same way.
Investigation of collagen type IV and laminin-111.
According to the 'coating procedure', recommended by Becton Dickinson, we performed thin coatings of collagen type IV (Becton Dickinson) and laminin-111 (Sigma-Aldrich) on 24-well plates (10 μg per cm 2 ). As a control we used uncoated tissue culture plastic to cultivate the cells. Cells (100,000 per 24-well) were cultivated on collagen type IV, laminin-111 or tissue culture plastic for 48 h. Trypsin-EDTA was used to remove the cells from the wells. For each experiment cells from 6 wells were trypsinized, pooled and pelleted for RNA isolation.
RNA extraction, cDNA synthesis and RT-PCRs for pyruvate dehydrogenase (PDH).
For total RNA extraction we used the RNeasy Mini kit (Qiagen, USA) following the manufacturer's instructions. The amounts of mRNA isolated were determined by spectrophotometry at 260 and 280 nm. RNA (1 μg) from each sample was used for RT-PCRs for pyruvate dehydrogenase (PDH) as controls to make sure that no genomic DNA remained in the samples. cDNA was prepared with 2 μg of total RNA using the Superscript™ II RNase H-reverse transcriptase-kit (Invitrogen) according to the manufacturer's directions. To normalize the amounts of cDNA, we carried out RT-PCRs for PDH. The primer pair used for PDH was GGTATGGATGAGGAGCTGGA (sense) and CTTCCA CAGCCCTCGACTAA (antisense). The amplifications were performed for 27 cycles for positive controls and normalization and for 35 cycles for the negative controls. The annealing temperature was 56.3˚C.
Multiplex RT-PCRs for detection of ERß-isoforms.
The expression patterns of ERß isoforms were detected by multiplex RT-PCRs. Based on the PCR-system described by Table I . Primer combinations and detected ERß isoforms. (30) we established two RT-PCR-systems with different specific primer combinations for ERß isoforms. Primermix 1 (PM1) contains sense primer ERß 1U SP6 (GCATTTAGGTGACACTATAGGGCCGATGCTTT GGTTTGGGTGAT) and both antisense primers ERß 1L T7 (CGTAATACGACTCACTATAGGGCGCCCTCTTTGCT TTTACTG) and ERß 2L T7 (TAATACGACTCACTATAG GGCCGCCTTAGGCCACCGAGTTGATT). Binding sites for Sp6 or T7 RNA polymerase were added for sequencing the PCR fragments. Primermix 2 (PM2) contains the sense primer ERß 5U SP6 (TAATACGACTCACTATAGGGCCG CCTTAGGCCACCGAGTTGATT) and the antisense primer ERß LBDL T7 (TAATACGACTCACTATAGGGCGCGGC CTTGACACAGAGATATTC). In PM1 * only ERß 1U SP6 and ERß 2L T7 are used. The reactions for both amplification systems were carried out for 38 cycles with an annealing temperature of 58˚C. All primers were synthesized by Invitrogen. Resulting fragment lengths for each PM are listed in Table I .
Results

Expression pattern of ERß isoforms in MDA-MB-231 cells.
Based on the RT-PCR-system described by Palmieri and colleagues (30) we developed an RT-PCR system approach to detect the expression pattern of ERß isoforms in breast cancer cells. Since this multiplex RT-PCR is a competitive PCR-procedure we also carried out specific PCRs to verify the expression level for each ERß isoform (data not shown). The main isoforms detected in MDA-MB-231 cells are ERß1, ERß2, ERß5 and ERßΔ5 (Figs. 1 and 4B ). MDA-MB-231 cells show a distinct expression of ERß at the mRNA stage: ERß2 is predominantly expressed followed by ERß1 (Fig. 1) . This basal expression pattern was used as a 'blue print' for all subsequent experiments in which ERß expression on tissue culture plastic was compared to the expression pattern in a laminin rich BM matrix.
Matrigel induces web-like cell morphology.
Matrigel showed a strong influence on the organization of the cells. MDA-MB-231 cells, cultured on Matrigel, organize in a web-like structure which appears similar to lactiferous ducts (Fig. 2) . This phenomenon was observed after 24 h on Matrigel and was more pronounced after 48 h. The web-like cell organization only occurred on Matrigel, not on purified laminin-111 or collagen type IV (data not shown).
Matrigel basement membrane matrix keeps ERß1 at low levels. MDA-MB-231 cells grown on tissue culture plastic for 24 h had the same expression pattern for ERß mRNA as cells cultured on Matrigel (Fig. 3) . Using PM1 the signal for ERß2/ERßΔ5 was most prominent whereas the signal for ERß1 was very weak and nearly undetectable at 24 h (Fig. 3) . After 48 h the ERß expression pattern of cells cultivated on Matrigel strongly differed from cells grown on tissue culture plastic. On tissue culture plastic a distinct expression of ERß1 and increased levels of ERß2/ERßΔ5 were observed. In contrast cells on Matrigel did not up regulate ERß1. The same difference could still be detected after 72 h (Fig. 3) . The absence of Matrigel BM matrix seems to up regulate the expression of ERß1 mRNA. Similar results were noted when the experiment was carried out with growth factor reduced Matrigel (data not shown). 4A). The signal for ERß1 appeared completely repressed. Laminin-111 seems to repress ERß1 expression in MDA-MB-231 cells. The expression of the isoforms ERß2, ERßΔ5 and ERß5 also appeared reduced on laminin-111. To determine in a valid and reliable way which specific isoforms are effected, we carried out ERß RT-PCRs (PM1 and 2) and also ERß RT-PCRs by using the antisense primer ERß 2L T7 of PM1 separately (PM1 * ) (Fig. 4) . When MDA-MB-231 cells were grown on coatings with purified collagen type IV for 48 h no change in the expression pattern of ERß could be observed compared to growth on tissue culture plastic (Fig. 4A) .
Cells grown on laminin-111 but not on collagen type IV show strongly reduced levels of ERß
Discussion
A laminin-rich basement membrane influences ERß expression. This study provides evidence for the first time that a reconstituted BM influences the expression of ERß mRNA in breast cancer cells. Most of all the expression of ERß1 appears to be affected. All isoforms detected in this project are known to be translated into ERß proteins (6,9,31,32). Our results indicate that a laminin-rich microenvironment seems to keep ERß1 mRNA expression at low levels. However, the absence of laminin-111 leads to increased levels of ERß1 within 48 h. This effect appears to be specifically induced by laminin-111 as collagen type IV does not lead to a suppression of ERß mRNA.
The effect of ERß regulation by laminin-111 appears to be specific and ER· independent. MDA-MB-231 cells do not express ER·. They also stay ER· negative in the presence of all ECM proteins and do not exhibit estrogen inducible proliferation (33) . Therefore, it was not necessary to use serum-free medium for our experiments. Our results may raise the question if laminin-111 blocks all transcriptional pathways but several studies prove that this is not the case. A laminin-rich BM induces transcription from the ß casein promoter by activating a transcriptional enhancer (34,35) .
Culture of normal mammary epithelial cells on purified laminin-1 dramatically increases the transcription and synthesis of ß casein in vitro (36) . Also the expression of ER· is up-regulated by laminin-1 in mammary epithelial cells (27) . Therefore, it can be concluded that a lamininmediated suppression of ERß mRNA is likely to be a specific effect. Furthermore, the effect is not dependent on interactions of BM proteins with ER· or interactions of ER· with ERß since MDA-MB-231 is an ER· negative breast cancer cell line.
Integrin receptor signalling may lead to reduced ERß levels.
Cell binding to ECM components occurs mainly through surface integrins. Also the maintenance of estrogen receptor · levels in mammary epithelial cells has been shown to be directed by Laminin-1 via integrin receptor signalling (27) . Integrins ·1, ·2, ·6, ·7, ·9 and ß1 have been revealed to play a critical role in cell-matrix interactions between mammary epithelial cells and laminin-111 (37) (38) (39) . Therefore, it is likely that integrin receptor signalling may be responsible for the repression of ERß1 by laminin-111. Another possible signalling pathway could be the ·-dystroglycan receptor. However, the specific signal transduction mechanism remains to be identified. (41, 42) and DU 145 (42, 43) , human airway smooth muscle cells (44) and rat mammary epithelial cells (45) which have been cultured in three dimensional Matrigel assays. It is known that ECM components play a critical role in maintaining differentiation, migration and organization of mammary epithelial cells and also the development of the branched tissue geometry of the mammary gland (17, 18, 20, 22, 46, 47) . Malignant mammary tissue looses its luminal tissue architecture (19, 40, 48, 49) . Sodunke and colleagues (40) ERß seems to be the dominant ER in the mammary gland since ER· expression is much rarer. However, during carcinogenesis ERß1 loss has been described (14) (15) (16) (50) (51) (52) (53) . These findings led to a consensus regarding a protective role of ERß1 against breast cancer development (reviewed in ref. 6 ). However, the mechanisms which lead to a loss of ERß1 during carcinogenesis are still unclear. Methylation has been revealed to be one of the mechanisms that contribute to a down regulation of ERß in cancer (14, (54) (55) (56) . Cell-BM interactions in mammary gland tissue undergo several changes in carcinogenesis (17, 18, 20, 22) . Cell-laminin interactions have also been shown to play a role in breast cancer and other carcinomas (33, 38, 39) . Laminin-111 has been shown to be predominantly expressed in the BM of breast tissue (26) . Invasive breast cancers also extensively express laminin-111 (57, 58) . Based on these findings and our main result that laminin-111 seems to suppress ERß1 mRNA it might be speculated that cell-BM interactions between tumour cells and laminin-111 could be responsible for a loss of ERß in the process of carcinogenesis.
Matrigel induces web-like cell organization and migration of
Cell-matrix interactions as a future therapeutic target.
More and more studies stress that the microenvironment plays a role in the development of cancer (17) (18) (19) (20) . Since there is emerging consensus that ERß1 can be seen as a tumour suppressor, a loss of ERß1 caused by cell-BM interactions with laminin-111 could be considered as a process which contributes to breast cancer progression. Some studies already focus on new potential approaches for cancer treatment using cell-matrix interactions as a target (reviewed in ref. 20) .
Advancing our understanding of the mechanisms by which BM proteins influence the expression of steroid hormone receptors such as ERß and its isoforms may lead to novel therapeutic approaches for the treatment of breast cancer.
